In pig (Sus scrofa) production, withinbatch variation in BW gain of piglets during the nursery period (up to 10 wk of age) can be high and is of high economic importance. Homogeneity of BW within batches of animals is important as it infl uences the effi ciency of use of the grower and fi nisher facilities, and provides an extra value for the fattening farms. In the current study, factors for a light BW at the end of the nursery period of pigs were determined by analyzing datasets from 3 different swine research centers in the Netherlands and France. The entire dataset contained information on 77,868 individual piglets born between 2005 and 2010. Body weight was determined at different time points over the pre-and post-weaning phase, and sex, season of birth, litter information (litter size at day of birth and after cross-fostering, number of piglets born alive per litter, number of total born littermates, sow parity number), cross-fostered animals (yes or no), and pen group size over the post-weaning period were recorded. A risk factor analysis approach was used to analyze the datasets to determine factors that predict piglet BW at the end of the nursery period. Body weight at the end of the nursery period corrected for age was mainly determined by season (P < 0.001), birth weight (BiW, P < 0.001), weaning weight (WW, P < 0.001), and BW at 6 wk of age (P < 0.001). These variables were consistent among datasets and explained approximately 70% of the overall variation in BW at the end of the nursery period. Litter information did not signifi cantly (P > 0.05) contribute to explaining the BW at the end of the nursery period. To discard the possibility of intrauterine growth retarded piglets (IUGR) being the reason for the infl uence of BiW as an explanatory factor in the regression model, a further analysis was performed on the effect of this category of piglets on the results of the regression analysis. Overall, it was concluded that the BW of piglets at the end of the nursery phase is mainly determined by season, sex, birth, WW, and BW at 6 wk of age. Piglets with a BiW greater than the mean BiW minus 2.5 times the SD have the potential to compensate during the subsequent phases of growth.
INTRODUCTION
The development of hyper-prolifi c pig breeds has led to an increase in the number of piglets born•sow -1 •yr -1 . In Denmark, an increase of 0.3 piglet•litter -1 •yr -1 was reported from 1992 to 2007 (Bjerre et al., 2010) . In France, a value of 0.2 piglet/yr was found over the period of 1996 to 2007 (Martineau and Badouard, 2009) . This increase has led to a greater within-litter birth weight (BiW) variation, exceeding 1 kg among the lightest and heaviest piglets in litters of 10 to 15 total born (Foxcroft et al., 2007) . The impact of BiW on survival and BW gain in later stages of production remains unclear with some authors stressing negative effects of BiW variation (English et al., 1977; Rehfeldt et al., 2008) and others reporting only minor effects (Milligan et al., 2001) . Lighter BiW of piglets is associated with slower growth rates, longer time to market weight, and lighter carcass quality (Powell and Aberle, 1980; Smith et al., 2007; Rehfeld et al., 2008) .
Prenatal restriction of uterine space limits post-natal growth (Foxcroft and Town, 2004) . Consequently, piglets with a very low BiW, referred to as intrauterine growth retarded (IUGR), are perceived as a subpopulation that cannot compensate their growth in later life (Wu et al., 2006) . McMillen et al. (2001) defi ned IUGR piglets as animals with a BiW below 2 SD of the mean. As the number of small piglets in the population increases, it is important to identify the subpopulations with the capacity to compensate their growth in later stages of production. Such information could serve as a basis for customizing nutrition or for husbandry practices which can contribute to an improved homogeneity of batches leaving the nursery period.
This study aimed to identify which factors from birth to nursery could be used to predict piglet BW at the end of the nursery period from data collected in 3 research centers. A risk factor analysis approach was applied to the datasets which contained 77,868 individual records in total.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because the data were obtained from existing databases (Dataset A: Swine Innovation Centre "Sterksel", Wageningen University and Research Centre, Sterksel, the Netherlands; Dataset B: Nutreco Swine Research Centre, "Halfweg", Sint Anthonis, the Netherlands; Dataset C: IFIP Research Centre, Romillé (35), Brittany, France).
Animal performance was considered from birth to the end of the nursery period (average 23.63 kg BW ± 0.21 SE and 10 wk of age ± 0.32 SE). The reasons for selecting this time period were the availability of suffi ciently large datasets with information from birth until this time point and the need for an early age point to identify animals falling behind in performance to allow further development of nutritional and management interventions to support these piglets.
The results of a preliminary analysis performed on the 3 datasets used for this study showed that more than 30% of the variation in the performance at slaughter weight (on average, 110 kg BW) was explained by the difference in BW at the end of the nursery period. The correlation between slaughter weight and BW at the end of nursery period was over 10% greater when compared with the slaughter weight correlation to weaning weight (WW).
Database Information
Datasets from 3 different research centers in the Netherlands and France were analyzed, providing a total of 77,868 piglet records. Descriptive statistics of the datasets are provided in Table 1 .
Dataset A. Swine Innovation Centre "Sterksel," Wageningen University and Research Centre, Sterksel, In all 3 datasets, cross-fostering occurred within 24 to 48 h post-farrowing (in a rate of 5.26, 9.65, and 8.87%, respectively, from the total population) after piglets were suckled by their dam or by a nursery sow. This practice is used to adjust the number of piglets to match better the number of functional teats.
In Dataset B, a reduction in the number of animals that reached the end of the nursery period was observed. This was likely related to the effect of involvement of piglets in trials up to 7 wk of age in this research center. To determine whether this subpopulation would be representative of the complete dataset, normality of BW was checked, using the UNIVARIATE procedure (SAS Inst., Inc., Cary, NC), in the complete population and the selected group at birth, weaning, and at 6 and 7 wk of age (data not shown). The results confi rmed that this subgroup was representative of the complete population.
Description of Variables Included in the Analysis
The variables included in the risk factor analysis were season in which the piglet was born (spring, summer, autumn, winter); sex, consisting of male (intact male or barrow) or gilt; BiW per piglet in kg; born alive (number of piglets born alive per litter); born dead (number of piglets born dead per litter); total born (total number of piglets born per litter); litter ID (based on sow number, date of birth, and litter size d 0); cross-fostering [piglet moved to another litter (yes or no) during the fi rst 48 h of age]; cross-fostering weight (BW in kg at the day of cross-fostering); WW (BW in kg at the time of weaning, with age per piglet identifi ed); BW in kg at 6 wk of age; parity (number of the sow when piglets were born); BW in kg at end of the nursery period; days of age at the end of the nursery period; litter size d 0 (number of piglets with the sow at the day of birth); litter size d 2 (number of piglets with the sow after cross-fostering); and postweaning (PW) group size (number of piglets per pen in the post-weaning period).
In addition, new variables were calculated to predict BW of piglets at the end of the nursery period:
where D b−w = number of days from birth to weaning, and the subscripts A and L refer to the animal and littermates, respectively.
Statistical Analysis
A total of 78,006 records were initially collected from the 3 research datasets. Normality of BW at each stage was tested using the UNIVARIATE procedure of SAS. Outliers for the analyzed variables (more than 4 SD below or above the mean) were removed from the datasets. In total, 77,868 remaining records were used for the analysis. Normality was checked per dataset and per year to determine whether data could be merged towards 1 dataset per center. Descriptive statistics of all datasets were calculated using the MEANS procedure of SAS, of which the results are presented in Table 1 .
The aim of the risk factor analysis was to fi nd explanatory variables which enable prediction of the variance of the dependent variable. Forward (selection) and backward (elimination) stepwise regression (Montgomery and Peck, 1992) were performed using GenStat (GenStat Committee, 2000) . Potential risk factors were included and excluded from the regression model in a stepwise approach. When a probability value was below 0.05, factors were retained in the model. Stop criterion for the stepwise regression method was percentage variance accounted for (adjusted R 2 ) or Mallows' C p (Mallows, 1973; Daniel and Wood, 1980) . Piglet was used as the experimental unit.
Analyses were carried out comparable with those described by Brscic et al. (2011) . The dependent variable was the BW at the end of the nursery period corrected for age. The explanatory variables were the factors obtained from data registered per animal on the farm. These were BW measurements at different time points, pen group size over the post-weaning period, litter information (litter size, born alive, total born littermates, sow parity number) and cross-fostered animals (yes or no). The variables BiW, WW, and BW at 6 wk of age were transformed into class variables, each with 5 classes (lightest, light, average, heavy, heaviest) determined by ranges of SD from the mean of the total population (lightest = below −2; light = from −2 to −1; average = from −1 to +1; heavy = from +1 to +2, and heaviest = greater than +2). Parity was analyzed as actual number (1…8) and transformed into class variables with 4 classes (primiparous, parities 2 to 4, 5 to 6, and 7 or more). Sex variable was divided in 2 categories: males (including intact males and barrows) and gilts. This approach was taken because the percentage of intact males in Datasets A and B was low compared with barrows and the performance of both groups was not different at the end of the nursery phase (P > 0.05; Table 1 ).
For the risk factor analysis, 4 different regression models were used, as presented ( Table 2 ). The difference between the models was the inclusion of different explanatory variables (e.g., pre-weaning growth rate or WW and BW at 6 wk of age) to determine their effect when added to the other variables described in the database information section.
In regression Models 1 and 2, BW at 6 wk of age was added as an explanatory variable to quantify its contribution to the variation in BW at the end of the nursery period. In regression Models 1 and 3, preweaning growth was used as explanatory variable instead of WW, as used in regression Models 2 and 4, to exclude the effects of the contribution of BiW to WW.
To estimate the effect of BiW on the proportion of piglets that have the potential to recover and compensate their performance during their productive life, piglets with a BiW below the population average were divided into 7 BiW categories based on SD variation in BW from the mean of the population (<−3 to −3, −3 to −2.5, −2.5 to −2.0, −2.0 to −1.5, −1.5 to −1.0, −1.0 to −0.5, and −0.5 to average).
At the end of the nursery period, piglet BW categories were calculated in the same way and each piglet was thereafter categorized. The category at birth for each piglet was compared with its category at the end of the nursery period to determine whether it remained in the same category or decreased or increased at least 1 category from birth to the end of nursery period.
RESULTS AND DISCUSSION

Factors to Predict BW at the End of the Nursery Period
The results of the risk factor analysis are presented in Table 2 . For the variables that contributed signifi cantly to the prediction of BW at the end of the nursery period, the size and direction of the effect was analyzed resulting in additional regression models, the results of which are presented in Figure 1 . The factors that contributed Predicted BW (means ± SD) at the end of the nursery phase for each of the 3 datasets from common risk factors among datasets. Sex is divided into 2 categories: males (intact males and boars) and gilts. Season = calendar season in which the animal was born. Categories at birth, weaning and 6 wk of age are defi ned with regard to the predicted mean BW of the population within each dataset as lightest (<mBW -2SD), light (mBW − 2 SD ≤ BW <mBW − 1 SD), average (mBW − 1 SD ≤ BW < mBW + 1 SD), heavy (mBW ± 1 SD ≤ BW < mBW + 2 SD) and heaviest (mBW +2 SD ≤BW).
signifi cantly to the prediction of BW at the end of the nursery period were consistent among datasets. The variable, average age at weaning, was only signifi cant in Dataset A. This was probably caused by the small variation in weaning age throughout the years in Datasets B and C; as illustrated by the decreased SD of this parameter when compared with Dataset A (Table 1) . Post-weaning group size in Dataset C was signifi cant (P < 0.001) due to the large difference in numbers (8 or 20 animals/pen) and variation in the different housing conditions used to accommodate the piglets at this research centre. Season of birth contributed signifi cantly (P > 0.001) to the prediction of BW in each of the datasets. As far as the season effect is considered, it can be seen in Figure 1 that the results from Dataset C differed from those of Datasets A and B. In fact, the results for Dataset C refl ected the effect of exclusion of piglets from the dataset related to selection and use of piglets for inclusion in experimental research in particular seasons. The effect of season of birth was similar in Datasets A and B, in which data from all litters born were incorporated in the analysis. These 2 datasets showed a reduction in BW at the end of the nursery period in spring and summer. This seasonal effect is in agreement with the results of Sabbioni et al. (2010) , who stated that piglets born in autumn and winter mature earlier compared with those born in spring and summer. We speculate that the reduction in BW during the summer is related to the stress of an increased environmental temperature. This is in agreement with the results of Safranski et al. (2010) , who described that under heat stress weaned piglets weighed 0.5 kg less when compared with weaned piglets not exposed to heat stress. Also Quiniou and Noblet (1999) stated that greater temperatures during the lactation phase reduces milk production and leads to lower BW at weaning.
In Figure 1 , sex showed a signifi cant effect in Dataset B. Males reached a greater BW at the end of the nursery period when compared with gilts. This result is in agreement with those of Poore and Fowden (2004) , who reported that at 12 wk of age, the lighter males at birth are able to catch up with their heavier littermates. The difference in BW remained at 12 wk of age for each BiW category for the gilts, suggesting an interaction between sex and BiW category. However, we did not observe this interaction in the present study. The increase in weight for the males at the end of the nursery period disagrees with the study of Wolter and Ellis (2000) , who reported that the differences between sexes are only observed when animals reach the fi nishing period (50-to 110-kg BW).
An interaction between birth and WW was observed in Datasets A (P = 0.038) and B (P = 0.048). This interaction was mainly caused by the lightest animals, which lagged further behind at weaning than piglets with greater BiW. After determination of the main variables to predict BW at the end of the nursery period, predicted means were calculated per dataset for the common explanatory factors. Predicted means were estimated per factor successively (Figure 1 ) considering only the common factors among datasets (sex, season of birth, BiW, weaning, and BW at 6 wk of age) and combining all factors (Figure 2) . Figure 3 shows the percentage of piglets in each BiW category (based on SD from the mean of the total population) that remained or changed BW category at the end of the nursery period. Gondret et al. (2005) reported that the ADG increase is greater for piglets in a greater BW category during the suckling and post-weaning period. Powell and Aberle (1980) reported that it takes piglets with a heavier BiW fewer days to reach 25 kg. Smith et al. (2007), Rehfeldt et al. (2008) , and Fix et al. (2010) reported that a difference in BiW was associated with an increased difference in BW at later stages of growth as a result of improved ADG with increased BiW. This is in agreement with a recent study of Jones et al. (2011) .
Parity number or parity category (e.g., primiparous vs. multiparous) is noticed by several authors as a clear criterion for piglet performance with piglets from gilts having lighter BiW compared with those born from sows (Smith et al., 2007; Quesnel et al., 2008; Carney et al., 2009 ). In the present study, parity number or category did not explain fi nal nursery BW. We speculate that this may be partly due to the effect of cross-fostering as practiced at the research centers from which the databases were obtained. Due to the limited information about which sows the piglets were cross-fostered to, this effect could not be quantifi ed.
The effects of the relative BiW 1 and BiW 2 variables (described in the Materials and Methods section) were analyzed by substituting BiW for each of them in the 4 different regression models to compensate for the effect of the mean BiW of the litter. These analyses indicated that there were no differences in the factors that signifi cantly contribute to explain the variation in BW at the end of the nursery phase in the regression models (data not shown). This led us to determine that piglet BiW rather than mean litter BiW was an important factor in the prediction of BW at the end of the nursery period.
Recovery of Growth in Piglets with Low BiW
To exclude the possibility that data from extremely light BiW animals were the sole reason for BiW to appear in the regression model, it was decided to analyze the impact of piglets with a very light BiW in more detail. To this end, the piglets lighter than the average BiW of the whole population (BiW below average) were selectively considered to determine whether the cut-off point, the limit under which animals are considered IUGR (McMillen et al., 2001) , would apply for these datasets or not. After the population classifi ed as IUGR had been removed from the dataset, the analysis was performed once more to determine whether BiW would still be a relevant factor to predict BW at the end of the nursery period. The number of light BiW piglets in each group category (<−3 to −3, −3 to −2.5, −2.5 to −2.0, −2.0 to −1.5, −1.5 to −1.0, −1.0 to −0.5, and −0.5 SD to average), was expressed as a percentage of the total population within a dataset (a complementary table with the percentage of animals in each BW category related to the total population per dataset can be found in the Supplemental Table 1 Group categories are based on SD from the mean of the total population. Animals were followed from birth to end of the nursery phase. A piglet is categorized as "increase" when the piglet has increased in at least 1 BW category from birth to end of the nursery phase. A piglet is categorized as "decrease" when the piglet has decreased at least 1 BW category from birth to end of the nursery phase. A piglet is categorized as "remain" when the animal remained in the same BW category from birth to end of the nursery phase.
al. (2002), and Wolf et al. (2008) , it was found that the lightest animals at birth had the least chance of survival (a complementary fi gure with the percentage of animals that reached the weaning phase per BW group category at birth per dataset can be found in the Supplemental Figure  1 , available in the online version of this paper).
Focusing on mean BiW, piglets in Dataset A had the lightest BW for the lower group category (<−3 to −3 SD) when compared with Datasets B and C. However, from the fi fth category (−1.5 to −1.0 SD) onwards, the mean BW was greater than that of the other 2 datasets. In Dataset C, the increase in BiW with increasing category was less compared with Datasets A and B. It appears that piglets in the 2 lowest categories (<−3 to −2.5 SD at birth from the mean) remained in the same categories (Figure 3 ). These groups of animals most probably include the IUGR (i.e., piglets with a permanent setback in growth in postnatal life). These piglets will grow at a slower rate than their average littermates (Widdowson, 1971; Allen et al., 2004) . From the category between −2.5 and −2.0 SD onwards, the percentage of animals that increased at least 1 BW category from birth to the end of the nursery period is greater than the percentage of animals that remained or decreased categories in the 3 datasets (Figure 3 ). The exception is in categories ranging between −2.5 and −1.5 in Dataset B, where the percentage of animals declining 1 category was larger than the percentage of animals increasing. No clear explanation was found for this pattern. The increase in group category disagrees with observations of Cole and Varley (2000) that pigs do not have the ability to compensate loss of BW and that any reduction in BiW will have a detrimental effect on BW gain until slaughter. Our observation that a subpopulation was able to increase categories by increasing BW indicates that this subpopulation has the potential to improve. This raises a new question on how to identify these animals and what physiological mechanisms help them thrive.
Animals that did not reach the nursery period either died or were removed from the population by the farm manager, mostly due to poor physical condition or low BW. Poor performance is observed in the lowest 3 BW categories (<−3.0 to −3.0, −3.0 to −2.5, and −2.5 to −2.0), with less than 20% of animals reaching the weaning phase in these categories. Dataset C had the greatest percentage of animals reaching the weaning phase in the lightest categories, but above −2.5 to −2.0 BW categories the percentage dropped. The least survival rate in the <−3.0 to −3.0 and −3.0 to −2.5 categories was observed in Dataset A. The percentage of animals that reached the end of the nursery period did not differ from the percentage reaching the weaning phase for Datasets A and C. In the Dataset B, a clear reduction in the number of animals that reached the end of the nursery period was observed. This was likely related to the effect of involvement of piglets in trials up to 7 wk of age in this research center. Based on our observations, it appears that a realistic cutoff point for piglets that still have the potential for an adequate growth performance till the end of the nursery period is the mean BiW minus −2.5 times the SD from the mean of the total population. It must be realized, however, that the mortality rate of piglets with a BiW close to this cut off point is still relatively high. After determining that the cut-off point for the current datasets can best be set at the mean BiW minus 2.5 times the SD from the mean of the total population, a risk factor analysis was once again performed on the population of piglets above the cut-off point mentioned.
No effect was observed due to the low percentage of animals reaching the end of the nursery period in the 2 lightest categories, indicating that BiW is still a relevant variable to predict BW at the end of the nursery period.
Conclusion
The best regression models to explain BW at the end of the nursery period explained 60 to 70% of the variation, with explanatory factors being season of birth, BiW, WW, and BW at 6 wk of age. These factors were consistent among datasets. Interestingly, litter information did not contribute in the regression model.
The present study provides a consistent indication that piglets with a BiW of −2.5 times the SD from the mean of the total population have no potential to exhibit an adequate performance in postnatal life under practical farm conditions. Under current conditions, piglets which deviate no more than −2.5 times the SD from the BiW mean of the total population onwards principally have the potential to compensate in further phases of life. The most interesting population for intervention to support light BiW piglets are piglets with a BiW greater than the mean BiW minus 2.0 times the SD from the mean of the total population onwards. 
